INTRODUCTION
In recent years many railways worldwide have undergone a revival, with growth in pas-17 senger numbers driven by factors such as traffic congestion, a desire to work during travel 18 time, and social pressures to switch to "greener" modes of transport. The United Kindom's its second major release, OWL is based on description logic, and provides a number of 167 sub-languages (called profiles) that trade flexibility with guaranteed computational speed of 168 reasoning. OWL 2 DL is the most expressive of these, allowing complex reasoning across 169 data models at the cost of long worst-case processing times. By contrast, the simpler OWL 170 2 EL profile guarantees that reasoning will complete in polynomial time with respect to 171 the size of the ontology but limits the range of ideas that can be expressed. A number of 172 other OWL 2 profiles are also specified for other purposes; these include OWL QL, a pro-173 file intended to allow standard query languages to utilise ontology (representing relational 174 databases), and OWL RL, which allows expressivity for an ontology to be represented using 175 the logic employed in rule languages. At this stage, the authors would like to introduce the Rail Core Ontology (RaCoOn), an 179 ontology model specifically tailored for use within the railway industry. Although initially developed with the representation of signalling and rail infrastructure in mind, the model 181 rapidly developed into a general model for the railways, including a "core" of generic rail-182 way concepts with extensions capturing particular subdomains (infrastructure, timetabling, 183 rolling stock etc.) and an upper level model to define concepts used more broadly than rail 184 (e.g. transport) The layered design philosophy behind the model is shown in Fig. 1 to reusability and level of domain detail: an "upper" module for domain-agnostic 195 concepts, a "core" module for railway knowledge, and several subdomain-specific vo-196 cabularies including "infrastructure" and "rolling stock". Design of application-specific data models is usually driven by a set of functional and 207 non-functional requirements that can be derived from the established needs of the system.
208
Domain models such as the RaCoOn ontologies, however, are intentionally abstracted from 209 any one particular application and are expected to allow representation of concepts without 210 assuming how the data will later be used. The scope of the RaCoOn ontologies was dic-211 tated by three initial use cases: an infrastructure visualisation tool, a railway maintenance 212 application, and a signalling design interchange tool. Requirements for these use cases were 213 considered in conjunction with applications and data requirements elicited from recent rail Fig. 2 shows steps through the iterative process.
226
The top-down approach aimed to establish a high quality meta-model structure for railway 227 domain knowledge, and to fill gaps in knowledge that may be present when re-using other 228 models. The process performed was as follows: The demonstrator was designed to showcase the benefits that could be gained through the 370 integration of data across a simple semantic data model using only a few very simple rules 371 and ontological axioms. In order to achieve this two simple passenger information applica-372 tions were created, and ontology reasoning was used to remove these applications' reliance 373 on specific input data types.
374
The demonstrator itself, available at http://purl.org/rail/trainlocator, is a website that pro-375 vides a number of views to simulate real world railway customer information systems. Each 376 view illustrates a usage scenario, and the application is designed to allow users to understand 377 the effects and advantages of differing ontology constructs on the system. Train movement 378 data is provided by simulated values, which update the website in real time and drive out-379 puts on each page.
380
The key technological components used in the presentation of this demonstrator are: 381 382
• Stardog, an RDF triple store used to store all data (ontology and resources). Stardog 383 is a scalable off-the-shelf product that provides several levels of ontology reasoning, 384 from the schema reasoning described above, to the ability to read custom-written 385 rules. It conforms to W3C standards on linked data storage and presentation, allow-1 
